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Big Earth Data Promotes Assessment of Even Development
Abstract
Uneven progresses have been widely detected among goals or regions in global sustainable development,
which are ascribed to the heterogeneous resource and environmental conditions and trade-offs among
goals. In-depth understanding and efforts to reduce such uneven progresses are essential for the holistic
achievement of the sustainable development goals (SDGs). This study discusses how bBig Earth Data
supports the assessment of the even development among targets and regions by pointing out its
advantages in providing high-frequency and more timely data products with higher spatial resolution for
the currently poorly achieved SDGs regarding essential human needs and environmental protection.
Moreover, the Big Earth Data brings deeper insights into the pattern and cause of the uneven development
and disentangles the core issues that restrict the holistic achievement of SDGs.
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In 2015, the United Nations announced 17 Sustainable
Development Goals (SDGs) and expected to achieve all the
SDGs by 2030 all over the world [1]. Despite the great efforts
national governments made to achieve these goals, there is
still a long way to go before the holistic achievement. According to Sustainable Development Report 2021, the scores
of SDGs varied greatly, and SDG 9 (Industry, innovation, and
infrastructure) had the lowest score of 42.98 points (out of
100 points). Meanwhile, the SDG scores were significantly
different among countries, and the mean score of
high-income countries was about 1.53 times that of
low-income countries [2]. Overall, uneven development is
ubiquitous in the world, which is mainly reflected in the
unevenness between SDGs [3–5] and between regions [2]. Additionally, COVID-19 has exacerbated such unevenness [6],
which strongly impedes the comprehensive achievement of
SDGs.
The reasons for uneven development remain unclear,
which primarily involve two aspects: limitations of assessment methods and lag and low resolution of data. Although
the United Nations clearly emphasizes the equal importance
of the 17 SDGs, the existing assessment methods generally
use the average score of 17 SDGs [2,7], ignoring the uneven
development among SDGs and their secondary effects [8],
which may lead to biased understanding. Particularly, the
trade-offs among SDGs [9] may impede the comprehensive
achievement of sustainable development [4]. A recent study

has adopted an improved sector radar chart method to quantitatively characterize the evenness of 17 SDGs, redefined
sustainable development scores from two dimensions (the
mean score and evenness score of SDGs), and proposed the
concept of even development. The employment of this
method explains the significance of even development to the
achievement of SDGs, which can improve the research and
understanding of evenness [4].
In addition to the limitations of assessment methods, insufficient data also restrict the scientific understanding toward the evenness of SDGs [10]. SDGs cover various aspects
of economy, society, and environment. To accurately reveal
the development status of specific types of SDGs, we classified the 17 SDGs into four main categories: essential human
needs (“essential needs” for short), environmental protection,
social development, and economic development (Figure 1)
based on the principle of “classification–coordination– collaboration” proposed by Fu et al. [11]. Nowadays, the unbalanced development of SDGs on a global scale is mainly
reflected in economic development and environmental protection, followed by essential needs and environmental protection. The available studies about the unevenness of SDGs
is generally based on statistical data, most of which use
“year” as the time resolution and “administrative region” as
the spatial resolution. This is far from enough to study specific indicators with large temporal and spatial variability,
such as essential needs (e.g., food production and water
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resources) and environmental protection (e.g., forest coverage, carbon sequestration ability of natural ecosystems, and
land degradation). It is difficult to accurately measure the
spatial distribution pattern and dynamics of related indicators, thereby restricting the timely and comprehensive assessment of SDGs. Big Earth Data, with timely update and
high spatial and temporal resolution, is expected to make up
this shortcoming, which will facilitate the in-depth understanding of the uneven development and then promote holistic achievement of SDGs.

Figure 1 Categories of 17 Sustainable Development Goals based
on principle of “classification–coordination–collaboration”

Big Earth Data has spatial attributes and especially refer to
the massive earth observation data generated from space
technology [13], including the data of land, ocean, atmosphere,
and human activities, with multi-sources, multi-phases, and
high integration [12,14,15]. In 2019, the Chinese Academy of
Sciences published the Data Sharing and Service Portal
supported by the Big Earth Data Science Engineering Project
(CASEarth), providing data of earth observation, ecology,
atmosphere, ocean, etc. The data volume reached 5.02 PB in
2021 (1), which provides a strong data support for earth science research. The information currently provided by Big
Earth Data covers some SDGs of essential needs (SDG 2:
Zero hunger; SDG 6: Clean water and sanitation) and most
SDGs of environmental protection (SDG 13: Climate action;
SDG 14: Life below water; SDG 15: Life on land) [16].
Therefore, focusing on the uneven development across different SDGs and regions, this paper discusses how Big Earth
Data accelerates the comprehensive achievement of SDGs by
facilitating the assessment of even development.

1

Even development among 17 SDGs

1.1 Reasons of uneven development among 17 SDGs
Owing to the differences in resources and environmental

conditions, natural unevenness may exist among SDGs.
Moreover, the 17 SDGs have a relationship of synergy or
trade-off rather than being independent of each other [17,18].
The trade-off will lead to the uneven development of SDGs
and eventually impede the holistic achievement of SDGs [9],
especially in the SDGs over economic development and
environmental protection [5,19]. On a global scale, the
achievement of SDG 6 (Clean water and sanitation) will
make other SDGs easier to achieve [18], while SDG 10 (Reduced inequalities), SDG 12 (Responsible consumption and
production), and SDG 13 (Climate action) have strong
trade-off with other SDGs, especially in high-income countries [9]. In recent decades, China has made great progress in
sustainable development while still faces the uneven problem
of SDGs. The rapid economic development and urbanization [20,21] have occupied the natural habitats within large
urban agglomerations, impeding the development of SDG 14
(Life below water) and SDG 15 (Life on land) and slowing
down the overall sustainable development in China [4].
Both the theoretical description of the connections between SDGs and the statistical analysis based on data indicate
that the trade-off between SDGs is objectively existing [22].
Therefore, the uneven development among SDGs is very
likely to cause irreversible negative impacts on some SDGs
and further hinder the comprehensive achievement of SDGs.

1.2 Problems caused by uneven development
among SDGs
The uneven development among SDGs will cause a series
of problems. In high-income countries, the development
process of environmental protection is generally unsatisfying
in recent years, and the strong trade-off of the related SGDs
with other SDGs becomes a bottleneck restricting the holistic
achievement of SDGs. By contrast, in low-income countries,
the achievements of environmental protection are high, while
those of essential needs are generally low. Poverty, food
shortage, insufficient medical conditions, and energy shortage
are the main problems facing low-income countries [2]. Under
the pressure of guaranteeing essential needs, low-income
countries and regions are likely to develop the economy at the
expense of environment. For example, with the increasing
population in Congo in Africa and the Amazon River Basin in
South America, accelerated deforestation and timber logging
to ensure food production and economic development have led
to a rapid decline in forest area [24], which has seriously affected the achievement of SDG 12 (Responsible consumption
and production) and SDG 15 (Life on land).
In China, the uneven development between essential needs
and economic development and between essential needs and
environmental protection has also existed for a long time and
caused a series of environmental problems [24], such as unreasonable energy consumption [25,26], water and air pollution [27,28],
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groundwater overexploitation [29,30], and biodiversity loss [31,32].
These problems also originate from the increasing demand for
food and energy shortage caused by the increasing population
and the acceleration of urbanization. The Chinese government
has initiated national strategies, such as the construction of
ecological civilization and the coordinated development of
Beijing–Tianjin–Hebei region to alleviate the uneven development and promote the achievement of SDGs [4].

1.3 Big Earth Data promotes even development
among SDGs
The unevenness mainly exists between the SDGs of environmental protection and other SDGs (especially those of
essential needs and economic development). Statistical data
are commonly used in previous studies, among which the
data of economic development update more timely than those
of environmental protection. The statistical data of SDGs

related to environmental protection are always lagging and
update slowly (Table 1). Additionally, most indicators of
environmental protection, such as air pollution index, sewage
discharge, and vegetation coverage, have large inter-annual
fluctuations and obvious seasonal characteristics, the statistical data of which are thus difficult to support timely sustainable development assessment. Due to the lagging and
slow update of data, it is difficult to obtain current status and
recent changes of indicators based on statistical data measured by traditional methods, which restricts the formulation
and adjustment of policies.
Big Earth Data provides macroscopic, dynamic, and objective monitoring data with fast update and high temporal
and spatial resolution, which can promote even development
of SDGs (Table 2). According to the Big Earth Data in Support of Sustainable Development Goals (2020), Big Earth
Data has been used for the monitoring and assessment of 19

Table 1 Data update frequency and latest data of China’s SDG indicators related to economic development and environmental protection
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Table 2

Big Earth Data supporting sustainable development assessment [33]
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indicators under SDG 2 (Zero hunger), SDG 6 (Clean water
and sanitation), SDG 11 (Sustainable cities and communities), SDG 13 (Climate action), SDG 14 (Life below water),
and SDG 15 (Life on land) [16,33]. As a supplement to statistical data, Big Earth Data is significantly important for policy
making and adaptive management aiming at promoting the
even development of SDGs. A recent study has used Big
Earth Data to obtain the net primary productivity (NPP) of
Inner Mongolia (a typical arid area in northern China) to
characterize the eco-environment, and timely assessed the
changes of synergy and trade-off between economic development and environmental protection around water resource
before and after the implementation of strict water resources
regulations, providing a scientific basis for policy making to
promote sustainable development in arid areas [34].

2
2.1

Even development between regions
Unevenness between regions

The unevenness of sustainable development among regions is another challenge that impedes the comprehensive
achievement of SDGs. On the global level, the mean score of
SDGs in high-income countries (mainly in Europe and North
America) is much higher than that in low- and middle-income
countries in Asia, Latin America, and Africa, which reveals
the extremely uneven sustainable development status
among regions [2]. Meanwhile, the increasing spillover effect of developed countries may undermine the efforts of
other countries, which results in the restriction of the ability
of developing countries to implement SDGs [35] and exacerbates regional unevenness. The unevenness also exists
between different provincial areas in China. The development status of developed provinces is better than that of
underdeveloped provinces in China. The developed provinces are also facing ecological and environmental problems
caused by rapid urban expansion, which has restricted their
sustainable development in recent years [4,7]. This imbalance
between regions can even lead to conflicts over specific
resources or problems between different countries or areas
within a certain region, and ultimately influences the regional overall development [36].
For example, the shrinking of the Aral Sea is a problem
caused by uneven development among Central Asian
countries. Due to different resource conditions and economic development levels, the contradiction in water resource allocation and water compensation between the
upstream and downstream countries has led to the continuous deterioration of the Aral Sea’s eco-environment, and
ultimately affected the overall sustainable development of
the basin [37]. Therefore, achieving even development within
a region on the global, national, or areal scale is a key way to
promote the comprehensive achievement of sustainable
development.

2.2 Big Earth Data promotes even development
between regions
Understanding the spatial distribution pattern and dynamics of resources, environment, population and other elements is the prerequisite for achieving even development
between regions. Only on this basis can effective resource
allocation and ecological compensation policies be proposed.
The above-mentioned data obtained from statistical caliber
are generally lagging and have low spatial resolution (usually
based on administrative regions), and it is thus difficult to
find the problematic regions and its impacts over time. With
the easy access, timely updating, and high resolution [12], Big
Earth Data breaks the constraints of administrative regions of
statistical data and covers different spatial scales [38], which
can accurately find problems and assess their impacts [39], and
further provide more accurate data for policy making and
thus contribute to the comprehensive sustainable development of the region.
Taking the coordinated development around water resources in a river basin as an example, both the upstream and
downstream areas, under the premise of guaranteeing food
security and basic needs for domestic and ecological water,
are expected to improve the overall water utilization efficiency through the optimized allocation of water resources
upon the formulation of reasonable ecological compensation
standards, thereby achieving sustainable development of the
basin. However, it should be noted that the precondition is a
proper understanding and prediction of the temporal and
spatial changes of water resources, and an accurate calculation of the basic ecological water demand, basic domestic
water consumption, and agricultural water consumption to
ensure food security. The research based on statistical data
can only be accurate to a specific administrative region, while
cannot describe the spatial distribution of water resources or
realize the prediction of trends, which can be made up by Big
Earth Data. With the support of Big Earth Data, it is possible
to obtain data of land cover types, precipitation, and evaporation of watersheds, to build an evapotranspiration separation model under natural and artificial conditions, and to
calculate the available water consumption [41], so as to
achieve the trade-off between the upstream and downstream
areas of the basin.

3

Suggestions and measures

The uneven development is a major challenge for the
comprehensive achievement of SDGs, which is mainly reflected in the environmental protection and essential needs.
The unevenness between regions is derived from the difference in resources occupancy and resource utilization efficiency. Big Earth Data, with high spatial and temporal
resolution, can make up for the data deficiency, incompleteness, and imprecision in the assessment of the above uneven
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problems based on statistical data. It can provide more accurate and objective data support for policy making, and
promote the comprehensive achievement of SDGs. In future
research, Big Each Data will continue to present the advantages in data acquisition, accurate characterization of the
temporal and spatial changes of related goals, and deep
analysis of the interactions and mechanisms of SDGs to
promote even development.
Regarding the unevenness between regions, Big Earth
Data should be combined with statistical data to analyze the
causes of unevenness and identify the key points (e.g., resources, environment) that can promote coordinated development between regions. Efforts can be made to integrate the
spatial distribution patterns and dynamics of resources, environment, population and other factors, formulate reasonable and feasible coordinated development strategies around
resource allocation and compensation systems, so as to
promote even development between regions and achieve
holistic sustainable development.
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